Objective To assess the effectiveness of two health support programs developed to improve the lifestyle of community residents through exercise, nutrition-based health education, and group dynamics. Methods A total of 171 subjects were selected from community residents showing an abnormal result in at least one metabolic syndrome-related laboratory test. The subjects were divided into two groups: a group participating only in the 5-month initiation program (i.e., the initial program; n = 83), and a group participating both the initiation program and the subsequent 6-month enhancing program (i.e., the total program; n = 88). Each group was followed up for 1 year after completing the intervention program. The effectiveness of the intervention was determined based on data from the Health Promoting Lifestyle Profile II and laboratory tests, which were collected four times during the 2-year follow-up. Thirty-nine individuals were selected as the control group, based on the same criteria, to confirm the effectiveness of completing the intervention program.
Introduction
In 1990, the National Center for Health (Atlanta, GA) reported that heart disease, malignant neoplasm, and cerebrovascular disease were the three leading causes of death in the USA [1] . McGinnis and Foege subsequently demonstrated that about 50% of all cases of these diseases were attributable to the lifestyle [2] . Further, in 2002, the World Health Organization (WHO) [3] stated that the importance of preventive measures for cardiovascular disease and the need to reduce unhealthy diets and physical inactivity should be emphasized as its new global health policy.
The Japanese Ministry of Health, Labour and Welfare reported in Vital Statistics 2004 that approximately 60% of causes of death in Japan were attributed to lifestyle-related diseases [4] . In addition, according to the Patient Survey 2002 [4] , among the 7.93 million patients registered in the survey, 88% were suffering from hypertensive disease, 29% from diabetes mellitus, 17% from cerebrovascular disease, 16% from malignant neoplasm, and 12% from ischemic heart disease. The above five diseases, with the exception of malignant neoplasm, are known to be closely related to arteriosclerosis caused by lifestyle conditions involving multiple risk factors. The complication of such multiple factors, reported as syndrome X [5] , the deadly quartet [6] , visceral fat syndrome [7] , metabolic syndrome (MS), or multiple risk factor syndrome [8] , has been proven to increase the risk of arteriosclerosis. Suka et al. [9] reported that the accumulation of risk factors related to metabolic syndrome may increase in the presence of such diseases as obesity and diabetes mellitus, and they pointed out the need for preventive intervention in the pre-metabolic syndrome stages.
There have been a number of lifestyle studies on community residents. The first study to clarify a correlation between health and lifestyle was the follow-up study by Berkman and Breslow [10] . In Japan, Morimoto et al. studied the link between lifestyle and cancer prevention as well as physical, mental, and genetic health based on more spiritual views of life and health. In their report, they also define lifestyle in terms of an integration of health awareness and the value and view of life in each community [11] . In the Ottawa Charter of Health Promotion (1986), the WHO defines lifestyle not only in terms of health-promoting behavior but also in terms of the quality of life (QOL), such as health awareness and satisfaction [12] .
This new concept of lifestyle indicates that, in order to promote lifestyle as a means for achieving improved health, a system is needed in the community setting which helps each resident of that community to develop a suitable lifestyle by providing knowledge, techniques, and a practical method of health education.
Pender presented a health-promoting model as a conceptual framework that nurtures the aforementioned health behavior [13] . Walker et al. [14] proposed a health-promoting lifestyle with a rating scale, which they developed as a questionnaire, named the Health Promoting Lifestyle Profile-II (HPLP-II). Each item on the questionnaire consists of concepts involving a multidimensional pattern of self-initiated actions and perceptions that serve to maintain or enhance the level of individual wellness, self-actualization, and fulfillment. HPLP-II can determine the value of health-promoting behavior as an index of the lifestyle by scoring each item. The Japanese version of HPLP-II was developed by Wei et al. [15] .
A number of studies on lifestyle involving the perception of self-actualization have been reported from abroad using HPLP-II [16, 17] . In Japan, there has been one published study on the relationship between medical observations, including obesity, and lifestyle factors, such as physical activity or dietary habits [11] . However, no empirical follow-up study of community-based intervention(s) has been reported that assesses the relationship between metabolic syndrome-related test findings and the overall lifestyle as a fundamental condition of the QOL. The results of this study, however, indicated that the concept and techniques of health promotion proposed by the WHO [12] may be the most effective way for community residents to achieve lifestyle-related self-control through administrative or regional health activities.
Based on the above findings of lifestyle studies, we have developed a health support program to improve individual lifestyle and enhance the QOL of each subject, resulting in the prevention of metabolic syndrome. The program is characterized by exercise, nutrition-based health education, and group dynamics. The aim of the study reported here was to demonstrate the effectiveness and validity of the intervention program for the self-oriented improvement of lifestyle, using HPLP-II as an evaluation tool to determine subjects' lifestyle scores.
Methods

Subjects
In 2002, 2,986 adults, aged 30-69 years, among the 31,541 residents of Town A, Kumamoto, Japan, underwent the periodic community-based health checkup required by Japanese law (''Health and Medical Service Law for the Aged''; passed in 1977). We screened of these, 417 individuals had at least one of the MS criteria and thus eligible for enrollment in our study (Table 1) . Individuals who took medication for hypertension, dyslipidemia, or diabetes were subsequently excluded. The remaining subjects were requested by mail to provide informed consent prior to enrollment. Ultimately, 103 subjects (24.7%) provided consent and were enrolled.
In 2003, 3,627 adults, all of the same age, among the 31,489 residents of the same town were subjected to the same selection process. Ultimately, 101 subjects (20.0%) from among 505 eligible individuals consented to participate in the study. The total number of subjects in the intervention group was therefore 204 (22.1%). An additional 39 residents of Town A were selected as a control group in order to clarify the effectiveness of the intervention program; the selection of these individuals was based on the same criteria and procedure as that for the intervention group.
Outline of the intervention follow-up study Two series of a health support programs were developed. The design of the intervention study is shown in Fig. 1 .
The ''initiation program'' comprised seven lifestyle intervention courses that were given by diabetologists, trained nurses, dietitians, and physical therapists who understood the aims of the study. All 204 subjects attended these courses over a 5-month period. Five of the seven courses (1st, 2nd, 4th, 5th, and 7th) comprised group lectures, and the remaining two (3rd and 6th) comprised one-on-one counseling sessions. Five lectures focused on MS, nutrition, exercise, and behavioral modifications. After the second and seventh lectures, the subjects were divided into small groups of five to eight people for 30-min group discussions. The aim of the group discussions was to enable each individual to draw on and learn from the experiences of other people in the group and also to provide each individual with mutual encouragement to maintain the recommended lifestyle modifications. In course 3 (counseling session), data from the health check-up and questionnaire were used by the health professionals to establish specific goals with each individual that would result in an improvement of. In course 6, the established goals for each individual were reviewed and reset, with input from public health nurses and dietitians.
Upon completion of the initiation program, all 204 subjects were classified into two groups: the initiation and total groups. The procedure of assigning the subjects to one of the two groups was as follows: (1) subjects were divided into males and females and arranged according to increasing age; (2) subjects in each sex group were alternately allocated to the two groups in order of age. This procedure resulted in two groups with a similar age distribution: a group participating in only the initiation program, named the initiation group, and a group participating in the initiation program and the subsequent 6-month enhancing program, i.e., the total program, named the total group.
The enhancing program for the total group comprised six courses, with various experience-based learning opportunities involving exercises, and was based on the method of once-a-month group education. The aim of the program was to persuade the subjects to experience the pleasure of exercise and to become able to choose exercise modes that suited their lifestyle. In addition, they subjects were provided with a daily calendar on which specific numerical data was recorded for the self-assessment of the effectiveness of their activities, and advice was listed regarding the frequency of exercises, such as stretching, muscle workout, aerobic exercise, etc.
Thus, to summarize, the subjects were provided with one or two series of health support programs, respectively, aimed at the self-oriented improvement of the lifestyle of the community residents: one was the 5-month intervention of the initiation program, and the other was the 11-month intervention of the initiation plus enhancing program. During the 6-month enhancing program, the subjects in the initiation group were left to control each lifestyle factor by themselves and only received a leaflet containing general information about voluntary exercise.
There was a gym and swimming pool in the municipal health promotion center, and the subjects, including the control group, could use these facilities free of charge during the entire intervention period.
The subjects were allocated into one of the two program series by an independent staff member of the current project in Town A. None of the subjects and none of the corresponding project researchers were aware of the group allocation until completion of the initiation program.
Measurements
Data were collected four times during the 2-year follow-up following completion of each intervention program, namely, ''Baseline'', ''Interim'', ''Final'', and ''A-yearafter''. In each assessment step, the subject' lifestyle based on the HPLP-II score and pre-metabolic syndrome-related laboratory test data were determined.
The HPLP-II [14, 15] comprises 52 items categorized into six subscales. Each item has a 4-point score format (from 1 to 4) assessing daily physical and spiritual activities. The six subscales represent health responsibility (HR), spiritual growth (SG), physical activity (PA), interpersonal relations (IR), nutrition (N) and stress management (SM).
The determinants of medical data related to metabolic syndrome are as follows: body mass index (BMI), fasting blood glucose (FBG), triglycerides (TG), total cholesterol (T-C), HDL-cholesterol (HDL-C), systolic blood pressure (SBP), and diastolic blood pressure (DBP) ( Table 1 ). The data were obtained from the community-based periodic health check-ups in Town A, as mentioned above.
Statistical analysis
The effectiveness of the initiation and total programs was assessed using the paired t test to determine the difference in Fig. 1 Outline of study design the mean scores overall and for the six subscales of HPLP-II and laboratory test values for each group. Bonferroni correction [18] was used for multiple comparison testing.
The scores of the initiation and total groups were compared and analyzed using the unpaired t test (test for two independent samples).
Statistical analysis was performed employing SPSS ver, 11.0J for Windows (SPSS, Chicago, IL).
Ethical considerations
During the recruitment process, all eligible participants, including those in the control group, were informed of the purpose of the study and provided advice on the benefits of an appropriate caloric intake and increasing physical activity. All of the subjects, including the control group, were guaranteed that they were free from any burden or disadvantage due to their participation non-participation.
This study was designed and conducted under the approval of the Japanese Ministry of Health, Labour and Welfare through a national model project, ''Health-Up model projects of National Health Insurance''.
Results
The trend in subject dropout during the 2-year followup study and comparison of baseline scores between the intervention and dropout groups By similarly employing the random allocating procedure, the 204 subjects (64 males and 140 females) were divided into the initiation and total groups, respectively, with 102 subjects in each, prior to completion of the initiation program ( Table 2) . As shown in Fig. 1 , three subjects (1 from the initiation group and 2 from the total group) dropped out during the initiation program, and eight subjects (2 from the initiation group and 6 from the total group) dropped out during the subsequent enhancing program. During the first follow-up year after completion of the total program, 25 subjects (17 from the initiation group and 8 from the total group), dropped out. In total, 33 subjects, denoted the ''dropout group'' [19 from the initiation group (18.6% of the initial subjects) and 14 from the total group (13.7%)] dropped out during the entire 2-year follow-up. There was no significant difference in dropout rate between the two groups. There was no significant gender-associated difference in dropout rate: 13 males (20.3% of the initial male subjects) versus 20 females (14.3% of the initial female subjects).
Seven participants dropped out due to personal illness or the need to care for sick family members. The remaining 26 dropouts missed the routine health checkup held 1 year after the total program. A total of 171 subjects completed the 2-year follow-up: 83 of the initiation group and 88 of the total group.
Among the 204 subjects, there was no significant difference in the sex ratio between the initiation, total, and dropout groups. In contrast, there was a significant difference (p \ 0.05) between the sex ratio in the control group and that in the intervention group. There was a significant difference (p \ 0.01) in age between the initiation, total, and dropout groups (61.9 ± 5.4 vs. 61.8 ± 5.4 vs. 58.4 ± 6.8, respectively. The age of the control group was 61.8 ± 6.6, which was not significantly difference from that of the intervention group. The HPLP-II scores and results of laboratory tests for all subjects at baseline are shown in Table 3 . The score of each subscale of HPLP-II was generally higher in the intervention than in the dropout group, with the exception of SG. However, a significant difference was noted only for PA (p \ 0.05).
Concerning the laboratory test data, the value of T-C (p \ 0.05) was significantly higher in the intervention than in the dropout group.
The scores of HPLP-II and the laboratory test data showed no significant difference between the intervention and control groups except for FBG.
Results of the Interim assessment
The scores of HPLP-II by each subscale and values of laboratory tests in the intervention and control groups during the four periods of assessment are shown in Tables 4 and 5 .
As shown in Table 4 , the score for each subscale of the HPLP-II in the intervention group at the interim was significantly higher than that at baseline (p \ 0.01 per item). The same tendency of improvement was shown in both the initiation and total groups, with the exception of IR, for which there was no significant difference in the score of each HPLP-II subscale between both groups.
As shown in Table 5 , significantly lower values of BMI (p \ 0.01) and TG (p \ 0.05) and significantly higher values of HDL-C (p \ 0.01) were present at the interim than at baseline. However, significantly higher values of DBP and FBG were seen at the interim than at baseline.
Results of the final assessment
As shown in Table 4 , in the initiation group, the scores for all of the HPLP-II subscales were lower at the final assessment period than at the interim assessment, with a particularly significant score reduction in PA (p \ 0.001); however, all subjects maintained significantly higher scores compared to the baseline, with the exception of IR. In the total group, a small change was noted in the score of each subscale between the interim and final assessment, with the exception for PA. The score for PA in the total group at the final assessment was significantly higher than that in the initiation group (p \ 0.01).
With respect to the control group, a small change was noted in all HPLP-II subscales between the baseline and final assessment. The control group showed a tendency toward lower scores in all HPLP-II subscales compared to the intervention group, especially for PA and SM (p \ 0.01 per each).
As shown in Table 5 , in the initiation group, a significant improvement in laboratory test values was seen in In general, more favorable values were seen in the total group than in the initiation group, with the most notable of these being a significantly lower TG value in the latter. In the control group, there was no significant change between the baseline and final assessment. FBG was significantly higher in the control group than in the intervention group.
Results of the 1-year-after assessment
In the initiation group, higher scores were generally noted in each HPLP-II subscale between the final and 1-yearafter assessment, especially for N (p \ 0.05), with the exception of PA. Compared with the baseline, significantly higher scores for all HPLP-II subscales were seen at the 1-year-after assessment (p \ 0.01 and 0.05). In terms of the total group, however, lower scores were generally seen in all HPLP-II subscales at the 1-year-after assessment than at the final assessment, especially overall (p \ 0.05) and for PA (p \ 0.001). Relative to the baseline values, all the scores for all HPLP-II subscales were significantly higher at the 1-year-after assessment (p \ 0.001 and p \ 0.05), with the exception of IR.
There was no significant difference in each score of the HPLP-II subscales between the initiation group and total group at the 1-year-after assessment.
In the intervention group, significantly higher scores were also seen in all of the HPLP-II subscales (p \ 0.001 per each) between the 1-year-after assessment and baseline assessment.
As shown in Table 5 , in the initiation group, the laboratory values for BMI showed significant improvement (p \ 0.05) and those for FBG were significantly lower (p \ 0.001) between the 1-year-after and final assessments. Compared with the baseline, improvements were generally seen in all of the items, especially BMI (p \ 0.01) and DPB (p \ 0.01), with the exception of FBG (p \ 0.001). Table 4 The scores of HPLP-II in the intervention and control groups Domains of HPLP II: see Table 2 Baseline assessment at the beginning of intervention, Interim at the completion of the initiation program, Final at the completion of the total program, 1-year-after at the end of the two-year follow-up For the total group, a significant improvement was seen in DBP (p \ 0.01) and significantly lower values were noted in HDL-C (p \ 0.01) and FBG (p \ 0.001) between the 1-year-after and final assessments. Compared with the baseline, a similar tendency was noted in the total and initiation groups; in particular, there was a significant improvement in BMI (p \ 0.01), SBP (p \ 0.001), TC (p \ 0.05), and HDL-C (p \ 0.001). In general, more favorable values were noted in the total than in the initiation group, with especially significantly more favorable values for SBP (p \ 0.05) and TC (p \ 0.001).
For the intervention group, significant improvements were seen in the 1-year-after compared to the baseline assessment (p \ 0.05-0.001), with the exception of FBG (p \ 0.01).
Discussion
As earlier published reports on health promotion [12] and health education [19] have demonstrated, the most effective means to improve lifestyle with the aim of disease prevention, such as MS, one of the more urgent health conditions associated with community health, is to encourage each individual to nurture a self-oriented ability to improve and maintain an appropriate lifestyle. Accordingly, we have developed a series of two health support programs. The first program, the initiation program, provides participants with fundamental information on lifestyle-related diseases, such as MS, and promotes the concept of self-improvement with respect to each lifestyle factor by means of individual and/or group instruction by specialists in their field. The program is characterized by exercise and nutrition-based health education, partly in the context of group dynamics. The second program, the enhancing program, provides participants with technical ways to employ available exercises, including the effective usage of hot springs, with the aim of persuading the subjects to experience the pleasure of exercise and become able to choose exercise suited to their lifestyle. In this program, participants are provided with a daily calendar for health improvement on which specific numerical data to Table 5 The laboratory test values in the intervention and control groups Domains of laboratory test: see Table 2 Baseline assessment at the beginning of intervention, Interim at the completion of the initiation program, Final at the completion of the total program, 1-year-after at the end of the two-year follow-up *** p \ 0.001, ** p \ 0.01, * p \ 0.05 by paired t test (Bonferroni correction) ### p \ 0.001, ## p \ 0.01, # p \ 0.05 by unpaired t test All values are given as the mean ± SD facilitate the self-assessment of the effectiveness of their activities can be recorded.
Prior to the study, we hypothesized that it would be more effective to receive both the initial and enhancing programs, i.e., the total program, than to only participate in the initial program. We then conducted the study reported here to determine which of these two approaches, the initiation program or the total program, would be more effective among our subjects for improving lifestyle.
In general, an intervention-based follow-up study such as the one reported here may involve fundamental issues that affect the interpretation of the results. One such factor is the effect of experience on refraining from replying to the questionnaire [20] ; the second is the effect of a regression to the mean [20] .
To reduce these biases, we divided the subjects into two groups, initiation and total, by employing a method similar to the randomization of subjects-closely resembling a double blind method-and compared the scores between the two groups at four points in time using the paired t test. We also designated a control group to clarify the effectiveness of the intervention program at baseline and the final assessment, i.e., a crossover design [20] . As shown in Tables 4 and 5 , there was no significant difference in the scores of all items at baseline, with different scores between the two intervention groups and control group at the interim and final assessments. These results suggest that our procedures may have reduced the bias due to removing the experience of completing the same questionnaire and the effect of regression to the mean.
We demonstrated that the initiation program was effective in improving the lifestyles of individuals and in sustaining this state of self-improvement for 1 year after the completion of the intervention; this is the same as that obtained for the total program. The results suggest that both our programs, initiation and total, were effective in educating community residents whose test findings indicated the presence of pre-metabolic syndrome, thereby necessitating a certain degree of management. At the 1-year follow-up after the end of enhancing intervention, both the total and initiation groups showed the favorable effects of the initiation program, albeit at slightly lower levels than the respective levels obtained at the end of the initiation program. The improvements observed at the 1-year followup in both groups were significant in comparison with the baseline values. In other words, the effect of the 5-month initiation program was sustained to a satisfactory level 1 year after the end of the enhancing intervention.
Since the study subjects were individuals who had consented to participate in the study, a selection bias toward highly motivated individuals was suspected. The overall HPLP II score of the subjects was 2.67 ± 0.36 and that of a sample of residents (aged 20-65 years) from the same community [21] was 2.54 ± 0.37 (p \ 0.05), indicating the presence of a selection bias. Nevertheless, the quality of our study was deemed high, given the following background: this study employed a randomly selected control group for comparison with intervention groups; the study subjects were selected from a community in which about 33% of the population undergo community-based basic or other health checkups [21] ; 204 of the 751 (27.2%) residents who were eligible for enrolment agreed to participate. This percentage is high compared with those reported earlier [22] .
The intervention program of this study is characterized by methods that enable program participants to recognize their poor habits by encouraging them to review their lifestyles and, on the basis of a lifestyle survey and health checkup results, set concrete goals for healthier living. The methods also enable participants to reward themselves for achieving the goals they have set in terms of health promotion activities and encourage then to review and reset their goals. Where group health education is employed, program efficacy can be augmented by group dynamism [23] . The above methods are similar to the basic items and methodologies based on Sasaki's behavior modification therapy [24] . The WHO [19] described the necessity of providing both opportunities through which individuals can acquire accurate knowledge and individualized techniques to improve their own lifestyles and programs that meet the various needs of individuals while respecting their independence. Within this context, the programs reported here can be considered to be appropriate.
We found that even the initiation program was significantly effective in improving the scores of all HPLP-II subscales in the participants whose test results indicated pre-metabolic syndrome. The effectiveness of intervention was indicated not only in PA and N, but also in other subscales, such as HR, SG, and SM, with the exception of IR, although the program focused on PA and N. At the final assessment, we were able to demonstrate that the enhancing program maintained the effectiveness of the lifestyle improvement shown at the interim assessment, demonstrating a more dominant effect in the total than in the initiation group, especially for PA and N. Both groups showed significantly higher scores in all subscales of HPLP-II at the final assessment in compared to baseline. In contrast, the control group showed no difference in the score of each HPLP-II subscale between the baseline and final assessment, again demonstrating the effectiveness of both intervention programs. In the total group, there was a slight decrease in the intervention effect in almost all items at the 1-year-after assessment in comparison with the final assessment; this tendency was not clear in the initiation group. However, both groups showed significantly higher scores in all subscales of HPLP-II at the 1-year-after than that at baseline, indicating that the effectiveness of both intervention programs was sustained at the end of the 2-year follow-up. However, the scores in almost subscales of HPLP-II at the 1-year-after assessment were higher in the initiation group than in the total group, although the difference was not significant.
Based on these results, we have drawn two important conclusions that can be used to advance the practice of intervention in the community. One is the difficulty in maintaining improved lifestyles, and the other is a sufficient effectiveness of the initiation program, a much shorter program. In terms of the number of dropouts, it was noticeable that, during the enhancing program, there were more dropouts in the total than in the initiation group, even though the difference was not significant. These results suggested that, as discussed in an earlier study [25] , there might be an adverse effect of excessive intervention, suggesting the need for an adequate length of intervention. It was also noticeable that the dropout rate of subjects from the final to the 1-year-after assessment was greater in the initiation group than in the total group, although this difference was also not significant.
The same effectiveness of lifestyle improvement was noted in the results of laboratory test data in the follow-up. On the other hand, the BMI in the two groups decreased at the end of the initiation program compared with baseline, and this effect was still evident at the end of the 2-year follow-up, suggesting that it might reflect the effect of a sustained improvement in lifestyle. As reported by Suka et al. [9] , the results demonstrate the effectiveness and validity of intervention in the pre-metabolic phase.
Overall, our results demonstrate that the two series of health support programs we have developed for self-oriented improvement of the lifestyle were effective for community residents with some health abnormalities related to metabolic syndrome. In the near future, we should develop more compact and short-term programs that primarily focus on introducing the contents of the initiation program. As reported in an earlier study [26] , there are a number of limitations in such intervention programs aimed at promoting the self-improvement of an individual's lifestyle by only applying the health support program. To the residents and staff of Town A, we should emphasize the importance of arranging the living environment, such as promoting the use of health-related institutions, of places for training, and of equipment, and introducing effective systems to facilitate community health professionals in their role of encouraging the residents of their community to practice healthy behavioral habits acquired through a health support program.
